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REPORT OF TRIAL SHIPMENT OF BULK WHEAT FROM 
VANCOUVER VIA THE PANAMA CANAL 
TO THE UNITED KINGDOM 


F. J. BIRCHARD and A. W. ALCOCK 


Since the opening of the Panama Canal the possibility of shipping bulk 
wheat from Canada to Europe by this route has been discussed a great deal. 
It was the opinion of many that the conditions to which the grain would be 
subjected in the tropics would be found too severe for Canadian grain, and that 
there would be a grave danger of cargoes arriving at their destination in a 
heating condition. It was decided, therefore, by the Department of Trade and 
Commerce, when arrangements were made in the fall of 1917 for sending a trial 
shipment of wheat from Vancouver, to have the laboratory make as thorough 
an investigation as possible as to the feasibility of the route. In order that a 
complete record of the temperature changes which occurred in the grain might 
be secured, the holds of the ship were equipped with electrical thermometers 
and a representative of the laboratory accompanied the shipment to make the 
observations and to examine the cargo when it was discharged. Similar experi- 
mental work had previously been done by the United States Department of 
Agriculture in connection with the shipment of corn to Europe, and valuable 
results, which were found of great use in setting the standards for corn were 
obtained. From the present investigation it was hoped to secure definite infor- 
mation as to the temperatures which grain would have to stand when carried 
by this route, and to determine what precautions should be taken to minimize 
the danger of-heating in the event of future shipments being made. 

The wheat for this shipment was collected from various points in western 
Alberta. In Calgary an average sample from each car was tested for moisture 
and graded by the Inspection Department, and in order to confirm the results 
of these moisture tests, further samples were taken in Vancouver when the cars 
were unloaded. These latter samples were sent in air-tight containers to the 
laboratory, where they were tested on an electrically heated Brown-Duvel 
apparatus. All the wheat in this shipment was “ straight grade,’7.e. it did not, 
in the inspector’s opinion, contain excessive moisture and was in every way 
sound and fit for warehousing. But although the wheat felt very dry and hard 
it was found that some of the cars contained relatively high percentages of 
moisture, and it was decided to keep such wheat separate from the rest of the 
parcel to which it really belonged. Three out of the four parcels were thus 
divided in the elevator into two portions, these two parts being subsequently 
kept separate in the holds of the ship. By this means it was thought that some 
additional information might possibly be obtained with regard to the carrying 
qualities of wheat containing different percentages of moisture but otherwise 
similar in every way. Before being binned in the elevator any carload lots 
containing more than one per cent of dockage were passed over the cleaners. 

The grade, weight and percentage of moisture in the different parcels are 
given in Table 1. 
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TasLe 1—Grade, moisture content and weight of the different parcels of wheat. 


Average . Weight 
Parcel. Grade. Moisture in 
Content. . Bushels. 
Per cent. 
Ei ee ees oe 1 Hard "(Bighest: Roisture).c i+. 46052» 5.5 tade eee 15 5-907 
tee eae tn ee Cig 8 MM PE aR AU Aan Te Me cos! Bk a7 APE 14 9-258 
ASS lives etree cee No.l: Northern (Highest Moisture). icc Secs bene ee 15 9-619 
PY soe Nace? Sen INDasL CIN OF EIDET Nae ten ek peter ee a een Ciekc tts etc as 13-8 42-482 
fh GEM EAI ana Se S29 No. 2 Northern (Highest Moisture).................. 15 4-062 
Osh Neha eae INO OUNOTGHeEI ait eey ae 6 Peat ents gs aa cag ae 13-2 14-559 
DD a ores ee ING SSINOPLOOI cee ee eee re eee Oe aka eoritew ee 13-6 13-322 
99-209 


The vessel which carried this cargo was the SS. War Viceroy, a new steel 
ship which had just been built on the Pacific Coast. The grain was placed in 
two of the lower holds, all of it being below the water line when the vessel was 
fully loaded. 


Diagram 1 shows the disposal of the wheat in the vessel. 
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Fig. 1. Diagram showing section of vessel and illustrating the general arrangement of the cargo. 


The dimensions of the forward hold into which the main bulk of the wheat 
was loaded were roughly 100’ x 50’ x 18’ 6”. It was prepared for the reception 
of the wheat by flooring with 3” boards, and lining the sides to a height of 2’ 6” 
with the same material. Above this lining the wheat was in direct contact with 
the ship’s side. A substantial shifting board was erected fore and aft down the 
centre to the full height of the hold, and a wooden partition was built at the 
after end so as to allow an air space of 12” between it and the iron bulkhead 
which separated the hold from the fire room, 


The after hold was similarly floored and lined and in this case a wooden 
partition was placed 9” from the engine room bulkhead. It was unnecessary 
to build a shifting board in this hold as it was divided to a sufficient height by 
the propeller shaft tunnel. All the lumber used in the holds had been thoroughly 
dried. 


Each parcel of wheat after being delivered to the vessel was trimmed so 
that its surface was practically horizontal, and then separating cloths were 
spread over the top to divide it from the succeeding layer. During the loading 
average samples of each parcel were again taken for moisture test. It was 
decided to keep the grain which had been segregated on account of its high 
moisture content away from the stokehold bulkhead, where the greatest heat 
might be expected, and with this object a quantity of the dryer grain was placed 
between the partition near the stokehold and the high moisture 1 Northern, while 
the high moisture 1 Hard was loaded into the forward end of the hold. 
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Throughout the experiment the necessity of avoiding such precautionary 
measures as would be impossible under ordinary trade conditions was not lost 
sight of, but it would have been an unnecessarily severe experiment had the 
wheat most lable to damage been placed in the warmest part of the hold. In 
some seasons fairly large parcels of straight grade wheat might be found contain- 
ing as high as 15 per cent of moisture but this would be exceptional. In the 
present case had no separation on account of moisture been made, all the wheat 
of each grade would have been thoroughly mixed by the time it had been 
trimmed, and the average moisture content would have been only a little more 
than the average in the lower moisture parcels. This was because the high 
moisture parcels were relatively small in quantity. 


Figures Nos. 2-5 show how the parcels of grain were loaded into the holds. 
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Fig. 2. Section fore and aft through forward hold showing arrangement of the different layers 
of wheat. 
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Fig. 3. Section through hatch 2. 
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Fig. 5. Section through hatch 4 


The electrical resistance thermometers which were placed in the holds, had 
been previously used in storage tests on a large scale in elevator bins, and had 
been found to give very satisfactory results. With this apparatus the measure- 
ment of temperature depends upon the well known fact that the electrical 
resistance of a metallic wire varies with the temperature, the principle of the 
Wheatstone Bridge being used in determining the changes in resistance. 

The thermometers were tied on to long steel cables with marlin, friction 
tape being wrapped round each knot to prevent it from slipping. They were 
usually arranged in sets of thirteen along each cable so that a distance of 5! 
separated one thermometer from another. After each parcel of wheat had been 
trimmed and just before spreading the separating cloths, the line of thermometers 
for that particular layer was dropped down one of the ventilators leading into 
the hold, stretched out and embedded in the grain to a depth of 6” to 12”. All 
the lead wires from the line of thermometers passed up through the ventilator 
and their ends were soldered to a thirteen point switch. This switch was screwed 
into a hard wood box which was lashed to the outside of the ventilator and 
afterwards covered with tarpaulin for protection against the weather.* When 
the temperatures were to be measured, this cover was taken off, the door of the 
box opened and the switch connected with the temperature indicator and battery. 


*See Appendix 1. 


Fig. 6 shows one of the covered boxes, and Fig. 7 is a photograph of a box 
containing two switches with the indicator and battery connected ready for 
taking temperatures, while Figs. 8-11 show the positions of the thermometers 
in the grain. 


Fig. 6. Illustration showing one of the Fig. 7. IJllustration. showing box containing 
covered boxes. two switches. 
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Fig. 8. Diagram showing arrangement of thermometers in forward hold, those on starboard side 
being indicated by continuous lines and those on port side by dotted lies. 
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Fig. 9. Plan of forward hold showing thermometers. 
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Fig. 10. Diagram showing arrangement of thermometers in afterhold. 
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Fig. 11. Plan of afterhold showing arrangement of thermometers. 


The loading of the grain, owing to delays from various causes, occupied 
five days and was concluded on November 13th, but it was not until December 
3rd, after taking on further cargo at Portland, Oregon, that the ship sailed 
for the Panama. During the voyage between Portland, Oregon, and Norfolk, 
Virginia, daily records were kept of the maximum temperature of the air, and of 
the readings of wet and dry bulb thermometers, while the sea water temperatures 
were obtained from the Engineer’s Department. The complete record is not 
given in Table 2 but the data reported are sufficient to show what changes in 
temperature were experienced. The humidity record has been omitted altogether, 
as this factor is considered to be of little, if any, importance. It is sufficient 
to say that the humidity of the air was usually very high, often reaching the 
saturation point after sunset. On the arrival of the ship at Norfolk on January 
10th, the sea water and air temperatures were about 32° F, and the weather 
remained cold until the voyage was resumed on January 26th. While crossing 
the Atlantic no observations were made on account of the very rough weather 
experienced. 


TaBLE 2.—Record of sea water and air temperatures during voyage from 
Portland, Ore., to Norfolk, Va. 


Temperature Temperature 
Date. Location. Sea Water. Air. 
Degrees F. Degrees F. 


November 27, 1917+; |Portland, Oregon... 26 6s scacatew eo the sete ve snr a es 


December, 150191743 Orecon Coaster evi chs eis ase eae eae eee |e ee 55 
2 GAMO Lea AltOrniame© OASti ors delet cr tickenece tea reeen tee RM rece er eee || a ana 59 
N 8 CIOL. |Calitornian Coast sacs cee ce een ee || ta ee 65 
“ Oe 19b/72 | Caliornian Coast 4) u-o.cdco soe eae eee eee 63 67 
. HP LOM Ae ower: Ca litorniann® OAS timati ine atte ine meee eine 73 78 
: TS ote Guitroir€ alttornia ..c..ae% oes ak. ee ee eee ee 78 78 
‘e LOR ROLY aeVNLCRICAN (COABEC sce.) cis ets. beac oes ae Ene oe een 82 87 
x 17 1917 Gullo Tehuantepec. ho aes oe eee 74 81 
oh g Ro ol Oi I aa Wtentetea oth ote, cee aA REMOTE RR AL OI CS ta a i tals US ae 80 81 
ce PEDRO TF cae lc seman Ph cater do dese Sic o Fee EC Te ee een 77 86 
iy vate BT Wn Re ol Aa ee LEE FO AG ek 80 84 
Ss Ds NAGI T ALOR oe he Oy ole Ore ey Recs neta nine SI COORG, eset Oi. ues 87 
e eu a 0! py dewral G75 1k) slice sy ee a Me eRe rE wy rand) ON a Rat ore AM els bso od od eau ons 
7s 29; 1917.5) Between, Colon and Jamaleas... 1m. eaten erent 80 88 

January 1918) Sieg etony Jami aia cen cotta: crc oar a tee tae ae Een eee chs es eae G 78 
oe ArnmlOlS between Cubaland Elaitisn: oe eee ere 76 73 
6, 1918..|f Following Northerly course to Norfolk, Virginia.. .| 68 73 
« 8) 1918... i 70 52 
oa 9, 2191 84s\Caneditiatteras. Soo, sence cise. See eae er ee 38 36 


The readings of the electrical thermometers in the holds were taken every 
two or three days during the voyage between Portland and Norfolk. The tem- 
perature changes did not usually take place very quickly and therefore only a 
partial record of these observations is given in Tables 3-10. If the tables are 
studied in conjunction with Figs. 8-11 it will be found that the variations in 
temperature in any part of the hold can be quite closely followed. 


TasLE 3.—Temperatures recorded on Line A. 


No. 1 Northern, Highest Moisture. No. 1 Northern, Average 
Average Moisture, 15 per cent. Moisture, 13-8 per cent. 


Thermometer il 2 3 4 5 6 7 8 9 10 11 12 13 


No. 
Nov. 27, 1917 53-0} 53-5) 53-5) 54-0} 54-0} 54-0! 55-0) 55-5) 56-0) 55-5) 58-5! 59-0) 64-0 
Dec: 7.41917 53-0} 53-0) 53-0} 538-5) 53-5) 538-0) 54-0) 55-0] 56-0] 56-0} 59-0] 75-0) 76-0 
cee opal Os, 53-5} 53-5) 54-0) 54-5) 54-0) 54-0} 54-5} 55-0! 56-0] 55-5) 61-5! 86-5] 85-0 
A OL? 56-5} 57-5) 57-5) 55-0} 55-0) 56-0} 55-0} 55-0! 56-5) 56-0) 63-0} 89-5) 90-0 
ao lace Ly 60-0} 61-5) 61-0} 58-0} 58-0} 59-0} 56-5) 56-0} 56-5) 56-0! 66-0] 90-5) 94-5 
Se ee kT. 62-5} 64-5) 64-0! 60-5) 60-5} 63-5|} 58-5) 58-0} 58-5) 61-5) 68-5] 88-5) 97-0 
Jan 6, 1918 64-5} 66-0} 65-0) 62-5) 62-5) 63-5} 60-0) 59-0} 58-5) 58-0) 69-5] 91-0} 97-0 
ed 918 62-5) 63-5) 63-0} 63-0} 63-0} 63-5} 63-0} 61-5) 60-0) 60-0} 69-5) 67-5) 80-5 
e” 14d, AGIs 59-0} 59-0) 58-5} 61-0) 61-0} 60-0} 61-5) 61-0} 60-0) 59-5} 67-0} 66-0} 76-5 
ot 425, 1918 53-5} 55-0} 52-5) 56-0} 55-5) 54-5) 58-5) 59-0) 59-5} 59-5) 64-0! 63-0} 73-0 


REMARKS:—Thermometers Nos. 1-8 were embedded in the highest moisture wheat while Nos. 9-13 
were in dryer wheat of the same grade. Thermometers Nos. 11-12-13 as shown in diagram No. 8 were 
close to the bulkhead and were affected by the high temperature in the stokehold which often reached 
130°. In other parts of this layer no appreciable changes in temperature occurred until about December 
17, and at no time were these increases sufficiently great to cause anxiety. 
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No. 1 Hard. 


Thermometer 
No. 


INov.. 27, 
Dec. 7, 
“c 13; 
ce De: 
“ 99. 
wan. 26, 
Z: 17, 


LOU ea 
UES WOR ee 
Oe oer 
TO Line. 
ROLTOR 
TOLS 5 
IDS... 


TaBLE 4.—Temperatures recorded on Line B., 


Average Moisture, 14:0 per cent. 


1 


59:5 
59°5 
00°5 
59°5 
56-0 
57-0 
58-0 


54-5 
54-0 
54-5 
56-5 
57-5 
59-0 
57-0 


55:5 
55+0 
55:0 
55°5 
55:5 
56-5 
57-0 


55:5 
55:+0 
55°0 
55-0 
56-0 
57-0 
57:5 


55:5 
57-0 
58-5 
59-5 


55-0 
54-0 
54-0 
55-0 
56-0 
57°5 
59-5 


56-0 
55:0 
55:0 
55-0 
56-0 
57°5 
59-0 


ReMARKS:—Thermometers Nos. 12-13 lay in parcel C. -The temperatures recorded along this line 


remained practically constant throughout. 


Tasie 5.-—Temperatures recorded on Line C. 


No. 2 Northern. 


Average Moisture, 13:2 per cent. 


Thermometer 
No. 1 D, 

Nov. 27, 1917....| 56-5 
Dees t7,1917.2..| 56-5 

ees A LOL: ee), 6S 

Eo LO Lisa eon O 

eee SIO. crete sO 
yan eo, 19S...) 10700 

uae, 19008 et | O6sS 

Brees 1018 2 57:0. 


3 


57-0 
57-0 
58°5 
57-0 
57-0 
57-0 
57-0 
57-0 
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ORO OT UO OO 
NINN ON 
oocooueneso 


57°5 
57-0 
58-0 
57°5 
57-0 
57-0 
57-0 


57-0 


57-0 
57-0 
57-5 
57-0 
57-0 
57-0 
57-0 
56-5 


57-0 
57:0 
57-0 
57-0 
57-0 
57-0 
57-0 


56-5 


56-0 
57-0 
57-0 
57-0 
57-0 
57-0 
57-0 
57-5 


56-5 
56-5 
58-0 
57-0 
57-0 
57-0 
57-0 


57-0 


56-5 
56-5 
61-0 
57-0 
57-0 
57-0 
57-0 
57-0 
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56-0 
56-5 
61-5 
58-0 
58-5 
59-0 
59-5 
60-0 


ANVWISeo 
SNH ODSED 
AOOUANSCSCS 


69-0 
73-0 
83-5 
94-5 
95-0 
97-0 
84-0 
75-5 


ReEMARKS:—The only appreciable changes in temperature along this line occurred near the stokehold 
bulkhead around thermometers No. 12 and No. 13. 


TasLe 6—Temperatures recorded on Line D. 


No. 3 Northern. 


Thermometer 
No. 


Nov. 27, 
Dec. 7, 
“ ep 
“ O3; 
“ 29, 
Malia Uris 
6“ 17 


Average Moisture, 13-6 per cent. 


55:5 
56-0 
56-5 
56:5 
56-5 
56:5 
56-5 


55-0 
55°5 
56-0 
56-5 
56-0 
56-5 
56-5 
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11 


55-0 
56-0 
56-0 
56-5 
56-5 
56-5 
56:5 


56-0 
56-0 


56-5 
56-5 
56-5 
56-5 
56-5 


55:5 
55°5 
56-0 
56:5 
56-5 
56-5 
56-5 


56-0 
56-0 
56-0 
57-0 
56-5 
57-0 
56-5 


13 


54-0 
53-5 
54-0 
55:5 
56-5 
58-0 
59-0 


Remarxks:—No marked variations in temperature were indicated by the thermometers in this layer. 
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Taste 7.—Temperatures recorded on Line F. 


No. 1 Hard Highest Moisture. Average Moisture, 15 per cent. 
Thermometer : 
No. 14 le 3 ba] Bae 7) 8 2) fo a 0S 
Nov. 27, 1917....| 54:0] 55:0] 55:0| 55-0l 85-5] 55-5, 55-0) 55-5) B5+D) 35°91 - 55 55-5| 55-0 
ov aT i017... | 53-5| 64-0| 54-5] 55-0! 56-0] 56-0] 56-0) 56-0) 55-5) 06-8) 6 56-0| 55-5 
e o8’ 1917'..,| 87-0] 55-5] 56-0] 56-0| 56-5] 56-0) 56-0| 56-5) 56-0) 56-5) Bho 56-5| 55-5 
« 59° 1917,..,| 88-01 56-5] 56-5] 56-0| 57-0] 56-0) 56-0| 56-0) 56-0| 56-0, Bho 56-0) 55-0 
Jan. 6. 1918, |) 81-0) 88-5] 68-5)” 56-5] B7-0) 56-0) BO.) (6-0) Po" Be NT 56-0| 55-5 
a 47? 4918....| 60-51 60-0] 60-0| 57-5). 56-5] 56-0) 56-0) 56-5) 56-0) 56-0 00-0 56-5| 56-0 


Remarks:—The first four thermometers along this line indicated slight increases in temperature, the 
rest showed practically no change whatever. 


Taste 8.—Temperatures recorded on Line E. 


No. 1 Northern. Average Moisture, 13-8 per cent. 
Thermometer 
No. 1 2 3 4 5 6 7 8 9 10° | A 2) ees 
Nov. 27, 1917 59-0| 52-5| 53-0; 55-0} 55-5| 56-0} 56-0) 57-0| 56-5; 57-0 57-0) 56-0 57-0 
Dec. 7, 1917 51-01 51.0) 52-0| 53-0} 54-5} 55-0) 55-5] 57-0| 56-0} 56-5) 56-5) 56-5 56-5 
“13,1917 34-01 83.5) 53-5| 54-0; 54-0} 53-5] 54-5] 56-5, 55-5| 56-0) 56-0) 55-5 57+5 
CAT, Oly 37 -5| 57.9 56-5| 55-5} 55-0} 55-0) 56-0) 54-5} 55-5} 55-5) 55-5) 57-0 61-0 
orgs LORY 33.51 62.0| 61-5| 58-5} 57-0| 56-5| 55-5| 55-5] 55-5| 56-5) 56-5) 61-0 66-0 
“« 99, 1917 68.0| 67.01 66-0; 63-0} 61-5| 61-0] 58-5] 57-0) 57-0) 59-0) 58-5) 65-0 70-5 
Jan. 6, 1918 29.5| 69.01 68-5| 66-0} 66-5| 65-5| 62-5] 60-0) 60-5| 62-5) 62-0) 69-5 74-0 
“ 14, 1918 53-0| 54.0| 33-5| 59-0| 64-5| 66-0} 63-5) 62-5} 63-0) 64-5| 64-5) 68-5 69-5 
“ 94, 1918 43.0| 44.0| 44-0| 47-0| 53-0] 63-0| 61-5| 63-0] 63-0) 63-0] 68-5) 62-0 58-5 


Tape 9.—Temperatures recorded on Line G. 


No. 1 Northern. Average Moisture, 13-8 per cent. 
ee 
Thermometer 
No. 1 2 3 4 5 6 i 8 9 10.4) 1 |) eee 
Nov. 27, 1017. At 52-3) 520)... 56-0| 56-3| 56-5) 57-0| 55-0| 56-0] 52-5} 50-5| 50-5) 56-0 
Dec, TvaGl7.c 4 Bee! —5a-ol a 2 55.0) 55-3] 55-5| 54-5| 53-5| 54-5] 54-0} 54-0| 55-5) 56-5 
«" 43° 1917....| 56-0] 54-5]...... 55.0| 55-5} 55-0| 54-5| 55-0| 54-5] 59-0| 64-0] 65-5) 63-0 
© AT A917 A 61-5) 620). 35.5] 56-0; 55-5| 5S-5| 57-5| 56-5] 66-0| 73-0] 74-0) 70-5 
<) / o8 MOTs 166-5) 160-0). 1a 57.51 59-0| 57-5] 59-0| 63-0| 61-0} 74-0} 79-0; 80-0) 77-0 
99) 4017s. ch 2-0] G48). eee 60.0/ 60-0; 61-5) 64-0| 69-0| 66-0] 78-0| 81-0) 82-5) 80-0 
Jan: 6, 1918: 0), (74-0) @8°0) 22 63.5| 64-5} 67-0| 70-5| 74-5| 71-5] 80-0| 79-0) 80-0} 83-0 
«© 44 1918....| 45-5] 58-0|.....- 63.0) 65-01 65-5] 68-0| 68-5| 68-0| 57-0} 45-5| 45-5| 66-5 
« 94 1918....| 39-0} 49-0]...... 52.0/ 59-0| 61-5] 61-0| 57-5| 60-0| 47-0} 40-0| 40-0) 55-0 


NT eee ee eee ee meester i O””CtC*~CS~S~S~S~S* 


i ReMARKS:—The thermometers along both the lines E and G showed somewhat wide fluctuations 
in temperature. They were quite close to the top of the hold and quickly responded to changes in the 
outside temperature. © 
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Taste 10.—Temperatures recorded on Line X. 


No. 1 Northern. Average Moisture, 13-8 per cent. 
Thermometer 
No. 1 2 3 4 5 6 7 8 Gi) “i 10-5, Ce te Sian Lo eae 
Nov. 27, 1917....| 62-0] 63-0] 61-0} 61-0] 61-0] 62-5 61-0} 61-0} 61-5} 64-5] 67-0) 78-5 
Dec. 7, 1917....)) 57-5) 63-5} 62-0) 61-0| 61-5) 63-0)...... 61-5} 61-5] 63-0} 69-0} 70-0) 83-0 
“18, -1917....| 62-5] 65-0} 62-5) 62-5] 62-5] 64-5]...... 62-5} 62-5] 66-5) 77-5] 81-5) 92-0 
“ 17,-1917.....| 68-5) 69-5)) 64-5) 65-0)" 65-0) 66-51... .. 65-0} 64-5] 70-0] 82-5) 85-5) 98-0 
M92) 191%,.| 72-0), 74-0) 67-5|) 68-5) 68-5) °71-0).4..... 68-5} 68-0] 74-0} 85-0} 87-5] 98-5 
OG AGIT he T5-0l) \7se0| 070°5) 72-0). 72-8) 74-Bl gs 73-0} 72-0) 78-0] 87-5} 90-5] 101-5 
Jan. 6, 1918....| 76-0] 80-0] 73-0) 75-0] 76-0) 78-0]...... 76-0| 75-5} 81-5) 89-0] 90-0] 98-5 
“ 17, 1918....] 62-0] 68-0} 68-0) 67-5] 68-0] 69-5]...... 68-0} 69-5] 65-5) 62-0} 61-0] 71-0 
941918). 07-0) 62-5) 68-Uie et) 62-5) 64-0). ee 63-0| 65-0] 60-5) 59-0} 57-5] 68-0 


REMARKS:—Thermometers 1-10 lay in the wheat near propeller shaft tunnel while Nos. 11-13 were in 
the air close to the engine room bulkhead. A steady increase in temperature took place until the ship’s 
arrival at Norfolk. 


Fig. 12 illustrates the variations in temperature shown by four of the 
thermometers situated in different parts of the hold. 


DEGREES. FAHRENHEIT 


an 
ae: 


Fig. 12. Curves illustrating variations in temperature shown by theremometers Nos. 1 and 13 
on line A, No. 8 on line B and No. 8 on line G. 
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The ship docked in London on 16th of February and the discharging of 
the grain was started two days later. An attempt was made to take the tem- 
peratures in the holds before discharging but this was found to be impossible. 
The protection of the switches had not been sufficient for the very rough weather 
which was experienced, and the metal contacts had corroded to some slight 
extent, so that when the battery was connected, short circuits were set up and 
it was impossible to obtain an accurate balance on the galvanometer. 


Careful examination of the grain at the time of unloading showed that a 
certain amount of damage had occurred, the extent and location of which is 
shown in the following diagrams in which the darkened portion indicates the 
heated grain. 


Layer A.—In layer A the wheat was found to be heating in two places 
close to the stokehold bulkhead. This wheat was slightly warm and very musty, 
but the amount so affected was quite small—probably not more than about 
three bushels altogether. In addition a few pounds of wheat which was wet, 
soft and discoloured had caked here and there to the floor of the hold in the 
vicinity of the bulkhead. Except in these places the floor was quite clean and 
dry, and the rest of the wheat in this parcel was perfectly sound. 


Layer B—Heating wheat was found in this layer immediately above the 
warm spots in Layer A. The amount of damaged grain was rather more than 
in the bottom parcel, but it was still quite small. There was no other damage in 
this layer. 
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Fig. 13. Diagram showing Fig. 14. Diagram showing Fig. 15. Diagram showing 
damaged grain in layer A. damaged grain in layer B. damaged grain in layer C. 


Layer C.—Except for a few bushels of hot wheat close to the stokehold 
bulkhead this parcel of grain arrived in good condition. 


Layer D.—The quantity of wheat found to be heating in this parcel was 
considerably more than in Layer C, probably amounting altogether to about 
sixty bushels. The position of the damaged grain was the same as in the lower 
layers. 
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Fig. 16. Diagram showing Fig. 17. Diagram showing 
damaged grain in layer D. damaged grain in layer F. 
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Layer F.—With the exception of about two bushels of slightly warm wheat 
under the forward ventilator on the port side, this parcel arrived in perfectly 
sound condition. 


Layer E.—It was in this parcel that the damage was most extensive. A 
body of grain occupying the space between the sides of the ship and the oil 
settling tank was found to be heating and musty. In some places the wheat 
was warm five feet away from the bulkhead, and to the full depth of the layer. 
Probably 700-800 bushels were affected altogether, some of it being very warm, 
covered with fungi growth, and caked so badly that it was difficult to break 
down, while in other places it was only just warm and held together very loosely. 
All the heating wheat which has been described up to the present was mixed up 
and worked in with the sound wheat during the unloading. The cargo superin- 
tendent apparently considered that the damage was not sufficient to make the 
separate treatment of this grain necessary, and it is for this reason that more 
accurate information cannot be reported with regard to the weight of grain 
which arrived out of condition. 


Underneath the port ventilator at the forward end of the hold, a quantity 
of grain weighing about four bushels was found to be badly heating in this 
parcel. There seems to be little doubt that the cause of this damage was the 
drainage of water down the ventilator. This wheat was not mixed up with the 
sound grain, 


Along the sides of the ship in the after half of the hold there was a thin 
layer of very wet, sour and discoloured grain which near the surface had 
sprouted badly. The bad condition of this wheat was attributed to “sweat ”’ 
damage. All the grain so affected was kept separate from the main bulk of the 
parcel. 


Fig. 18. Diagram showing damaged grain in layer E. 


Layer X.—In this layer very small quantities of soft, wet wheat had caked 
in places to the floor of the hold. This damage was probably caused partly by 
“sweat” and partly by the leakage of small amounts of water around the rivets 
in the ship’s side. 


Layer Y—This parcel was discharged in good condition except for a little 
wheat which had caked round the side as in Laver X, and small quantities 
which were heating and musty on each side of the propeller shaft tunnel immedi- 
ately under the mast. This latter damage was evidently caused by the leakage 
of sea water around the mast. 
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The damaged grain from layers X and Y, together with that from under 
the forward ventilator and the “ sweat” damaged grain in layer E, was weighed 
up apart from the rest of the cargo, the total quantity being about 160 bushels. 
This was the only damage reported by the cargo superintendents, and amounted 
to less than 0-2 per cent.* But the total quantity of damaged grain is increased 
by probably more than 800 bushels if the more or less injured grain be taken 
into account. As far as the present shipment is concerned, ‘this damage is 
perhaps of little commercial interest, since the wheat affected by it was mixed 
with the sound grain when the usual practice was followed during the discharging. 
It will indicate, however, where trouble may be expected in the case of future 
shipments unless certain precautions are taken. 


While the reported damage was evidently due to “ sweat” or the admission 


of water into the hold, the cause of the heating near the stokehold bulkhead 
is not quite so clear. As will be seen from Figure 19 the heating took place 
under the ventilators, down which a little water may have dripped during and 
after the loading. Tests on samples of heating wheat from layer C showed 
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Fig. 19. Section through heating wheat near stokehold bulkhead. 


15:2 and 15-7 per cent of moisture while a sample from layer E, contained as 
high as 21 per cent of moisture. These percentages do not however, necessarily 
indicate the admission of water into the hold, since the chemical changes due 
to respiration, which is very rapid in warm grain, always result in an increase 
in the proportion of water present. But whether the cause of the heating was 
the drainage of some water from the outside, or whether the moisture content 
of the wheat as loaded was dangerously high for the conditions in that part of 
the ship, there is no doubt whatever that the temperatures close to this bulk- 
head were altogether too high for safety. 


During the discharging of the grain, average samples were collected from 
some of the parcels. These samples were tested in the laboratory for moisture 
and the results obtained, which are given in Table 11, show that no appreciable 
changes in moisture content occurred during transit, 


*See Appendix 2. 
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Taste 11.—Comparison of the moisture content of certain parcels of wheat 
sampled during loading and discharging, 


Sampled at Sampled at 
Parcel. Loading. discharging. 
Per cent. Per cent. 

RPG ee yee Cn IN RT Sat PE Tat GAS ache 5 Go sreade sodicearavetd a oN Sherhata en 14-0 14-1 
we oe RSs dec gee: CRIBS Oa OA et A re ee a ae 13-8 13°7 
aE, MNS Ue R St ary hes. « oS oo a« hue aca Seamed Me mew oa es 15-0 14-7 
(Dra cerbuib 05 Sa WMO ths, GEE it Ra Cn ner ee PEER Lorry SAA es ee 13-2 13-1 
J) Dg ohihsig SAIS REAR eh SON bie ca ee ee SE Sa ge a ne sc ak eae 13-6 13-5 


When the weight of wheat which was discharged is compared with the 
amounts loaded, it will be seen that the loss which took place during handling 
and transportation was not excessive, 


TasBLE 12.—Comparison of quantities of wheat loaded and discharged. 


Weight Weight 
Parcel. loaded. discharged. 

bushels. bushels. 
RE ye ar Cee eee a tae et i tte NN oo a ae 5, 907 Ov bho 
TBs 5 ec Gite eB es Oe, SI a, BIS Oe ga a) 9, 258 9,168 
CAH TRCN, re te me ne os a dey duel s% Gare ote hia Nom 9,619 9,548 
TB 5 ase cr 8 IBS PONE ABNOR GL sEe Eb oer bcs IEE gg ela OE i TR oP 42,482 42,175 
OM os gy SRLS ee CoB ERY 8 ONC AEE el Si2 PA elo 4,062 3,993 
25 ond Pad Be men, 2 MRE NS de As ee a a A 14, 559 14,459 
SD) ee ee Se ee > yO aN ee ink Wa sen a eaceste nie a eee 133, Gye, 1 3x 

99, 209 98, 833 


On the whole the loss is less than 0-4 per cent. 


CONCLUSIONS 


The results of the investigations in connection with this shipment indicate 
that if certain precautions are taken wheat may be carried to Europe via the 
Panama Canal without damage. The following recommendations are therefore 
made. 

(1) Only wheat which is quite sound in every way should be shipped by this 
route; it should be carefully tested for moisture and any lots containing an 
excessive amount should not be loaded into the vessels. It has not been possible 
to determine just how much moisture the grain may safely carry, but until 
some limit is definitely set, a moisture content of more than 14-5 per cent 
should be regarded as dangerous. 

(2) The temperatures recorded by the thermometers against the false bulk- 
heads near the engine room and stokehold are evidently too high for safety, 
and an unventilated air space of nine to twelve inches cannot then be considered 
sufficient protection. It is recommended therefore, that when it is necessary 
to stow grain close to the engine room or stokehold, these spaces be either 
ventilated or extended. The records clearly show that it was only in these 
portions of the holds and close to the propeller shaft tunnel that dangerously 
high temperatures occurred. The conditions will vary in different ships but the 
adequate protection of the grain cargo in these parts of any vessel is one of the 
most essential conditions for its safe transportation. 


LT, 


APPENDIX 1 


While in Portland, Oregon, some trouble was experienced in obtaining satis- 
factory temperature readings with certain lines of thermometers. It was noticed 
that on breaking the circuit by releasing the button on the instrument the 
galvanometer needle swung sharply over to one side and only returned to the 
centre very slowly. The temperatures then recorded were from 2° to 5° low. 
After taking the switches apart and thoroughly washing with gasoline the trouble 
disappeared. The weather had been very wet during and after the installation 
of the thermometers and it seems probable that the moisture, together with 
small quantities of salts in the soldering grease, had caused slight short circuits 
through the switches. It is therefore advisable in work of this nature to use 
pure rosin paste when soldering and to take great precautions to see that the 
switches do not get wet. 


APPENDIX 2 


The following extract from the report of the Superintendent who supervised 
the discharge of the wheat cargo may be of interest. ‘‘ With regard to the 
condition of the various shipments, we are glad to say, that the condition of all 
parcels was good throughout, with the exception of about 20 qrs. of damaged 
wheat ex parcel of No. 1 Northern, which damage in our opinion has been 
caused through sweat.” 


(3) Excepting in the neighbourhood of the stokehold bulkhead the only 
damage which occurred in this shipment was due to “sweat” or the admission 
of water. The importance of keeping the grain dry during loading and of 
preventing the subsequent entrance of water into the holds hardly needs to be 
emphasized. If the Panama Canal route is used to any extent for this trade 
most of the shipments will probably be made from Vancouver during the rainy 
season, and it will therefore be necessary to take steps to prevent water from 
dripping down the hatches and ventilators during loading. In addition to this 
the ventilators should be covered during rough or wet weather at sea, and no 
wet cargo of any sort should be stowed in the same hold as the grain. 

(4) One feature which was against the present shipment was the length of 
the voyage, the grain being in the vessel three and a half months altogether. 
When heating once starts in a body of grain it proceeds at an accelerating rate 
so that the length of time the wheat is in transit may have a great deal of 
influence on the quantity which arrives out of condition, and the extent of the 
damage. If possible then the use of slow ships in this trade should be avoided. 

The conditions to which the grain is subjected in transit by this route are 
much more severe than those experienced by Atlantic shipments. The tempera- 
tures are higher and the voyage much longer, but it is believed that if it is 
possible to observe the above precautions, there will be little difficulty in carrying 
wheat cargoes safely. The results of this experiment certainly seem to justify 
further trials. 


Yo> 


é 


es 


tet 


De tus he ral sai 4n a a 
rl ae ae, as 


Pity 


vee ay welt MET 


nigee Ms Vhs em 
7s se mT Eth ae i ie 


Bay Rs an 


ite ie 


Naat 


sii 


Ae Deh (3 ie .. 


RR aN ou ee ces 
: a piney 
‘ st 


DOs eres ee . fe 4 oo i pas at ts my 


. i lt ni ree 
ee Y oe v 


; me a ie 


SN ee a Ae 4 cA 


‘ 
Hi 
\ 
7 
) 
‘ ee hs ditt 
Lai Sy 
Hi 
ft 
a fry 
Mi hil 
RR Ue 
A Raa YR | 
teat) 
iia} 


a i ek Ag ae ab hat) 
ee a HOE Mea atk ah 
cs ay Rs ORB ett a 2) 


Rot 
f mith 


yi Ri ay ae oN ae Ve 
Oy Maa a ( 


ai tee 


» : } 
he ane 
FW AL INS Tae 
is pian D 


pe a i‘ 


ay iyi oe be yy 
>t Tivd i any OATS na 
q , 7 yf ‘ ‘ 4 
aie AN aM LA! OG s 
Sei a 


% 
Ve te Pat i 


ae Cae 
pa oo. his 
VA 


ey 
Me es a i 


Wah 
Noah Ne a tiie 


vane 


i ep Cy Fe : Cay, tAAS 3 ek 
Kase Og A heated Pica os Dm 1 (078M A 
is} } Pati SN, \ \7 5 
S Uh, Wye ah Y. bt By ¥ ay 
y ft) ‘ aie 5 SP aaadl , 


wal 


ae Y ‘ 4d i Se Lipa Ake if ‘ye WIS Sa 
Ay Pete eee. Pn i et ea Me 
y. ae iealal le 
agg, 

eda) 4 


oA; 


